Pulmonary challenge with the ubiquitous fungus Cryptococcus neoformans results in allergic airway inflammation (AAI) characterized by robust recruitment of eosinophils and T cells producing type 2 cytokines to the lungs. Previous studies have demonstrated a critical role for Nuclear Factor Kappa B (NF-jB) activation within lung epithelial cells (LECs) in driving AAI in response to protein allergens, yet the role of LEC-intrinsic NF-jB in promoting AAI following exposure to C. neoformans is poorly understood. To investigate the role of LEC-intrinsic NF-jB in promoting AAI following C. neoformans challenge, we used IKK ΔLEC mice, which lack canonical NF-jB activation specifically within LECs. IKK ΔLEC and littermate control mice were intranasally challenged with 10 6 CFU of C. neoformans strain 52D, and lung tissues were collected at 7, 14 and 21 days post infection to assess the development of AAI. Notably, the absence of epithelial NF-jB signalling did not affect the magnitude or kinetics of lung eosinophilia when compared with the response in wild-type control mice. The total numbers of lung T cells producing the type 2 cytokines interleukin-5 and interleukin-13 were also unchanged in IKK ΔLEC mice.
Introduction
Numerous classes of inflammatory challenges, including purified proteins, [1] [2] [3] carbohydrates 4 and microorganisms, [5] [6] [7] [8] [9] are capable of eliciting allergic airway inflammation (AAI) when experimentally inoculated into mice. AAI is characterized by robust eosinophil recruitment to the lungs in association with the recruitment of T cells producing the type 2 cytokines interleukin-4 (IL-4), IL-5 and IL-13. 3, 4, 6, 9 Numerous studies have demonstrated roles for IL-17A, 7 IL-10, 8 CCR2-dependent signalling 4 and IL-33 receptor 10 in the development of AAI in various contexts, but our understanding of the host signals critical to the development of allergic responses in the lungs remains incomplete. The transcription factor Nuclear Factor Kappa B (NFjB) is a pleiotropic transcription factor commonly associated with inflammatory and allergic responses. [1] [2] [3] [11] [12] [13] [14] The canonical pathway of NF-jB activation is initiated by most physiological stimuli, 14 and begins with the recognition of an inflammatory signal by the host cell. 13, 14 This recognition event initiates an intracellular signalling cascade that ultimately phosphorylates the kinase IKKb, which in turn allows IKKb to phosphorylate IjBa. [14] [15] [16] ª 2017 John Wiley & Sons Ltd, Immunology, 153, 513-522
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Under normal conditions, IjBa sequesters NF-jB in the cytoplasm, preventing its translocation to the nucleus. 15, 16 However, IKKb-mediated phosphorylation of IjBa results in the ubiquitinylation and degradation of IjBa, freeing NF-jB and permitting its translocation to the nucleus where it can modulate host gene expression. [13] [14] [15] [16] NF-jB signalling specifically within lung epithelial cells (LECs) has been demonstrated to drive AAI in numerous models of disease. [1] [2] [3] 11 Ovalbumin (OVA)-sensitized mice that lacked NF-jB signalling within LECs showed significantly decreased eosinophil recruitment and lung IL-5 and IL-13 levels compared with wild-type (WT) mice when sensitized with OVA. 2 Likewise, IL-13 production and eosinophil recruitment were significantly reduced in response to repeated challenge with house dust mite antigen in mice where LEC NF-jB was ablated. 3 Furthermore, transactivation of NF-jB within LECs during initial OVA exposure is sufficient to drive sensitization to subsequent OVA challenges, 1 demonstrating the ability of NF-jB within the epithelium to promote allergic responses in the lungs.
Experimental pulmonary challenge of mice with live Cryptococcus neoformans yeast drives the development of AAI characterized by robust eosinophil and T helper type 2 (Th2) recruitment to the lungs. 5, 6, 10, [17] [18] [19] Although numerous groups have reported a role for NF-jB within the lung epithelium in driving the development of allergic inflammation in response to metabolically inactive challenges including purified OVA and house dust mite antigen, [1] [2] [3] 11, 20 the requirement for NF-jB signalling in LECs for the development of allergic responses to a metabolically active fungal particle remains poorly understood. In the current study, we investigated the role of NF-jB signalling in the lung epithelium in promoting the development of AAI, including eosinophil and Th2 cell recruitment to the lungs, following pulmonary exposure to C. neoformans. For results shown in Fig. 6 , and Supplementary material, Figs S1 and S6, WT mice were purchased directly from NCI. All mice were 5-16 weeks of age at the time of infection. Mice were maintained under specific pathogen-free conditions and autoclaved food and water were provided ad libitum. All animal manipulations were carried out in the laminar flow hood. All experiments were conducted in accordance with a protocol approved by the University of Wisconsin-Madison Animal Care and Use Committee.
Materials and methods

Animals and housing
Fungal culture and growth conditions
Cryptococcus neoformans strain 52D yeast was prepared for infection as previously described, 22, 23 with modification. Briefly, C. neoformans strain 52D from a glycerol stock maintained at À80°was plated on yeast extract peptone dextrose (YPD) plates and cultured at 30°for 72 hr. Individual colonies from these plates were then used to inoculate YPD broth, which was then cultured at 30°with shaking overnight. The resulting culture was then collected by centrifugation (900g for 5 min), and washed in sterile saline. The wash was repeated twice more, at which point fungal cells were counted on a haemocytometer in the presence of Trypan blue. Cultures were then diluted to the desired dose [approximately 10 8 colony-forming units (CFU)/ml] for infection. Fungal inocula were confirmed by serial dilution and plating on YPD.
Cryptococcus neoformans strain B3501/B3502 spores were purified as described previously. 22, 24, 25 Briefly, B3501 and B3502 yeasts were plated on individual YPD plates and grown at 30°for 2 days. Colonies were scraped into sterile PBS, washed, counted and mixed in a 1:1 ratio of each mating type. Mixtures were spot-plated in 10-ll spots on dried V8 plates (pH 7Á0). After 5 days culture at room temperature, crosses were scraped into sterile PBS, resuspended in 65% Percoll, and centrifuged at 1700g for 20 min. Spores were recovered from the bottom of the gradient and were enumerated by counting on a haemocytometer.
Cryptococcus neoformans infection
Mouse infections with C. neoformans were performed as described previously 22, 26 with modification. Mice were anaesthetized by intraperitoneal injection with etomidate, at which point they were suspended by their front teeth. Mice were then infected with approximately 2 9 10 6 CFU of C. neoformans strain 52D yeast or approximately 2 9 10 5 CFU of C. neoformans spores derived from B3501 9 B3502 crosses intranasally by pipetting directly onto the nares. Mice were left suspended for at least 5 min post inoculation to enhance uptake of fungal particles. Infected animals were monitored for signs of undue stress or illness, including lethargy, rough fur, rapid weight loss and hunched posture, and any moribund animals were humanely euthanized.
Lung leucocyte isolation
Lung leucocytes were isolated as described previously [27] [28] [29] with modification. Lungs were collected in RPMI supplemented with 1% fetal calf serum, 1 mg/ml collagenase D, 100 units/ml penicillin, 100 lg/ml streptomycin and 10 lg/ml DNAse, and were homogenized by crushing through a 70-lm filter. After homogenization, samples were incubated at 37°for 30 min, followed by lysis of red blood cells. After washing, cells were resuspended in RPMI supplemented with 10% fetal calf serum and, 100 units/ml penicillin, 100 lg/ml streptomycin. These single-cell suspensions were subsequently counted on a haemocytometer and prepared for flow cytometric analysis.
Cryptococcus neoformans lung colonization
Lung homogenates were generated as described previously [27] [28] [29] with minor modification. Briefly, lungs were collected in RPMI supplemented with 1% fetal calf serum, 1 mg/ml collagenase D, 100 units/ml penicillin, 100 lg/ml streptomycin and 10ug/ml DNAse, and were homogenized by crushing through a 70-lm filter. After homogenization, aliquots of the lung homogenates were collected, serially diluted and plated on YPD plates. Plates were cultured at 30°for at least 2 days before counting.
Flow cytometry surface staining
Surface staining for subsequent flow cytometric analysis was performed as described previously 27, 28, 30 with modification. Single-cell suspensions were plated in 5-ml polystyrene tubes, and Fc receptors were blocked with unlabelled FcRIII/II. After blocking, cells were stained with fluorescently labelled antibodies for 30 min at 4°. Cells were stained with the following antibodies (clones): CD45 (30-F11), Ly6G (IA8), Ly6C(HK1.4 and AL21), MHCII(M5/114.15.2), Siglec F(E50-2440), CD11b (M1/70), CD4(RM4-5) and CD44(IM7). All antibodies were purchased from BD Biosciences (San Jose, CA) or BioLegend (San Diego, CA). After staining, cells were spun down to remove unbound antibody, and were resuspended in 2% paraformaldehyde and stored at 4°p rotected from light until acquisition.
Ex vivo stimulation and intracellular cytokine staining
Ex vivo stimulation and intracellular cytokine staining were performed as described previously. 23, 28, 29 Briefly, cells were stimulated ex vivo with 0Á1 lg/ml anti-CD3 antibody and 1 lg/ml anti-CD28 antibody in the presence of Golgi Stop for 5 hr at 37°. After removal of the stimulation cocktail, cells were stained for surface markers as described above. Cells were then permeabilized using the BD Cytofix/Cytoperm kit in accordance with the manufacturer's instructions and stained with the following antibodies (clones): IL-13 (EBIO13A), IL-5 (TRFK5) and interferon-c (IFN-c) (XMG1.2). All antibodies were purchased from BD Biosciences or BioLegend. Samples were resuspended in 2% paraformaldehyde and stored at 4°protected from light until acquisition.
Flow cytometry sample acquisition
All samples were acquired on a three-laser BD LSRII using FACS-DIVA software. All data analysis was performed using FLOWJO. The gating strategy used to identify and enumerate lung leucocyte populations is highlighted in the Supplementary material (Figs S3 and S4).
Lung histological sections
Lung tissue was prepared for histological examination as described previously. 3 The lower left lobe of the lung was excised and inflated with 10% formalin in PBS using a syringe. Tissue was then fixed in a 10% formalin solution for 2 days at 4°, at which point it was transferred to 70% ethanol. Tissue was processed, paraffin-embedded, sectioned and stained by the Experimental Pathology Laboratory at the University of Wisconsin Carbone Cancer Center.
To assess nuclear localization of NF-jB by immunofluorescence, sections were deparaffinized and antigen retrieval was performed in citrate buffer pH 6Á0 (10 mM citric acid, 0Á05% Tween-20) for 3 min in a Biocare decloaker (Biocare Medical, Concord, CA). After cooling and serum blocking, sections were incubated with 1:800 rabbit antip65 antibody (Cell Signaling Technology, Danvers, MA; 8242S) in PBS with 1% goat serum overnight at 4°. After washing, sections were subsequently treated with 1:500 Alexa Fluor 488 goat anti-rabbit (Invitrogen, Carlsbad, CA) for half an hour at room temperature, at which point sections were washed and counterstained with Prolong Gold antifade with DAPI (Invitrogen). All images displayed were taken at a total magnification of 9 400, with identical image processing for all images.
Lung permeability assay
Lung permeability was assessed using an FITC-dextran assay as previously described. 31 Briefly, mice were treated with 6Á7 mg/kg body weight of FITC-conjugated dextran through intranasal instillation. One hour after FITC treatment, plasma was collected and assessed for FITC fluorescence intensity. Samples were read in a 96-well format using a 488/535 excitation/emission filter set.
Statistical analysis
Statistically significant differences between total numbers of leucocytes or C. neoformans lung CFU were determined by performing one-tailed t-tests comparing Cre + IKK ΔLEC mice and Cre À littermates at the indicated timepoint. To identify statistically significant differences in FITC fluorescence in plasma, an ANOVA with a Tukey's post hoc was used. The log-rank (Mantel Cox) test was used to test for statistically significant differences in survival. For all analysis, statistical significance was set at P ≤ 0Á05.
Results
Absence of epithelial NF-jB does not influence the ratios of lung leucocyte populations at baseline (Fig. 1a,b) . Likewise, the total number of lung neutrophils, monocytes and eosinophils did not differ between Cre + IKK ΔLEC mice and Cre À mice at baseline (Fig. 1c-e) . Additionally, we examined the baseline lung permeability of Cre + IKK ΔLEC compared with WT mice.
Cre + IKK ΔLEC mice consistently showed increased lung permeability at baseline compared with WT mice, but still significantly less lung permeability than lipopolysaccharide-treated WT mice (see Supplementary material, Fig. S1 ), a stimulus known to induce robust epithelial permeability. 31 Collectively, these data suggest that while IKK ΔLEC mice probably possess a modest defect in barrier function within the lung epithelium, the absence of NF-jB signalling within the lung epithelium does not affect the leucocytic composition of the lung at baseline.
Myeloid and lymphoid cell responses to C. neoformans exposure are unaltered by the absence of epithelial NF-jB
To investigate the role of lung epithelial NF-jB in driving the development of AAI in response to primary C. neoformans infection, Cre + IKK ΔLEC mice and Cre À littermates were infected intranasally with C. neoformans strain 52D (Fig. S3 ). There were no statistically significant differences between groups. n = 4 per group. Data from a single experiment. Fig. S2 ). Flow cytometric analysis was used to examine the effect of ablating canonical NF-jB within the epithelial compartment on inflammatory myeloid cell recruitment over the first 3 weeks following exposure to C. neoformans. The absence of canonical NF-jB activation within the lung epithelium was not associated with any significant reduction in the total number of cells recovered from the lung as compared with littermate control mice at any time-point (Fig. 2a) . Overall CD45 + leucocyte recruitment was reduced in IKK ΔLEC mice at day 7 post infection, but this difference was not sustained through later time-points (Fig. 2b) . Additionally, neither monocyte nor neutrophil recruitment were significantly affected by the ablation of NF-jB within LECs (Fig. 2c,d ). Furthermore, although there was a trend towards reduced eosinophil recruitment at days 7 and 21 post infection in IKK ΔLEC mice, there was not a statistically significant reduction in eosinophil influx in C. neoformans-infected IKK ΔLEC mice compared with controls ( Fig. 2e) . Taken together, these data strongly suggest that NF-jB activation within LECs is not a major driver of monocyte, neutrophil or eosinophil recruitment after exposure to C. neoformans. Our next objective was to determine the role of NF-jB signalling within LECs in promoting the development of T-cell responses following pulmonary exposure to C. neoformans. In control Cre À mice, total CD4 T-cell recruitment peaked at 14 days post infection (Fig. 3a) . The number of IL-5 + , IL-13 + and IFN-c + CD4 T cells within the lungs of Cre À mice was also highest at this timepoint, with numbers of total and cytokine-producing CD4 T cells in the lungs decreasing slightly by 21 days post infection (Fig. 3b-d) . Deficiency in canonical NF-jB activation in LECs was associated with no significant difference in the level of CD4 T-cell recruitment across all time-points (Fig. 3a) . Additionally, the ablation of NF-jB within LECs was not associated with any alteration in the total number of IL-5 + and IL-13 + CD4 T cells recovered from the lungs (Fig. 3b,c) . Furthermore, the recruitment of IFN-c + CD4 T cells was also unaffected by the absence of NF-jB in the epithelial compartment (Fig. 3d) . Collectively, these data suggest that the recruitment of IL-5 + , IL-13 + or IFNc + CD4 T cells to the lungs upon exposure to C. neoformans is largely independent of NF-jB signalling within the epithelial compartment.
Ablation of NF-jB signalling in LECs does not alter lung pathology following C. neoformans exposure
To investigate the role of NF-jB signalling within LECs in driving the development of lung histopathology in response to C. neoformans, sections of lung tissue were examined for histopathological evidence of severe inflammation. Cryptococcus neoformans exposure was associated with the influx of inflammatory leucocytes, including a large influx of eosinophils, by day 7 post infection, which was sustained throughout the remaining time-points (Fig. 4, left column) .
Consistent with the robust cellular recruitment seen in these animals (Figs 2 and 3) , there was no reduction in the magnitude or kinetics of inflammatory leucocyte infiltration apparent in histological sections from IKK ΔLEC mice compared with controls (Fig. 4) . Furthermore, the progression and magnitude of eosinophil recruitment in IKK ΔLEC mice was also unchanged (Fig. 4, right column) .
Taken together, these data demonstrate that the development of lung histopathology and eosinophilia following C. neoformans exposure is not driven by canonical NF-jB activation within LECs.
Lung fungal burden and survival are unchanged in the face of C. neoformans infection in IKK ΔLEC mice
Our next goal was to assess the effect of the absence of NF-jB signalling within LECs on controlling the burden of C. neoformans in the lung and overall host survival. Ablation of NF-jB in LECs was not associated with any significant difference in lung C. neoformans levels at days 7, 14 or 21 post infection compared with control animals (Fig. 5a) . Likewise, the loss of caninical NF-jB activation within the epithelium was not associated with an increase in mortality up to 12 weeks post infection (Fig. 5b) . Both IKK ΔLEC mice and Cre À littermate controls showed equivalent levels of C. neoformans lung colonization at 12 weeks (84 days) post infection (Fig. 5c) . Additionally, the loss of canonical NF-jB activation with the lung epithelium was not associated with any significant increase in mortality in mice intranasally infected with spores of C. neoformans from B3501 9 B3502 crosses (see Supplementary material, Fig. S5 ). Collectively, these data strongly suggest that the initial control of fungal lung burden, host survival and fungal clearance from the lung after exposure to C. neoformans are largely independent of canonical NF-jB activation within LECs.
Lack of engagement of NF-jB in LECs in response to C. neoformans
To assess NF-jB activation within LECs, we used an immunohistochemical approach to visualize NF-jB translocation to the nuclei of LECs in fixed lung tissue. In this approach, nuclei were identified by DAPI staining (shown in blue), whereas total NF-jB was identified using a monoclonal anti-p65 antibody (shown in green). LECs in the upper airway were identified histologically. As a positive control, WT mice were treated intranasally with 2 mg/ml lipopolysaccharide, a known and potent inducer of NF-jB activation in LECs. 32, 33 Examination of sections from tissue collected 1 hr after lipopolysaccharide treatment revealed clear nuclear localization of NFjB in LECs (Fig. 6, upper right) , confirming the ability of our assay to detect nuclear localization of NF-jB.
To assess NF-jB activation within LECs in response to initial C. neoformans exposure, WT mice were infected with the yeast and lung tissue collected at 0, 1 and 4 hr post exposure and stained as described above. As expected, sections from untreated mice showed no evidence of nuclear localization of NF-jB (Fig. 6, upper  left) . However, we also saw no evidence for nuclear localization of NF-jB in LECs at 1 or 4 hr post C. neoformans exposure (Fig. 6, bottom row) . Furthermore, nuclearlocalized NF-jB was absent from sections collected from 1, 3 and 7 days post C. neoformans treatment (see Supplementary material, Fig. S6 ), despite the robust inflammation (Figs 2 and 3 ) and fungal burden (Fig. 5a ) present in the lungs by 7 days post challenge. Taken together these data strongly suggest that C. neoformans exposure does not drive the engagement of NF-jB in LECs.
Discussion
In the current study, we report no attenuation of the severity of AAI following C. neoformans exposure in mice lacking canonical NF-jB activity within the lung epithelial compartment. Specifically, we observed no alteration in total leucocyte or eosinophil recruitment to the lung in the absence of epithelial NF-jB during AAI after exposure to C. neoformans. Additionally, IKK ΔLEC mice exhibited no defect in their ability to control C. neoformans burden in the lung nor in their ability to survive infection. Furthermore, ablation of NF-jB within LECs did not decrease the level of IL-13 + and IL-5 + CD4 T-cell infiltration into the lung during AAI. Immunohistochemical analysis of lung sections from C. neoformans-challenged mice also revealed no evidence for engagement of NF-jB within LECs. Collectively, these data strongly suggest that epithelial NF-jB is not a major driver of host immunity in response to C. neoformans, and that NF-jB activation within LECs is not required for the development of C. neoformans-induced AAI. We observed no decrease in lung eosinophil recruitment during C. neoformans-induced AAI following the ablation of NF-jB activation within LECs. Numerous studies have demonstrated reduced eosinophil recruitment in response to OVA exposure in sensitized mice upon ablation of epithelial NF-jB signalling. 2, 34 Likewise, NF-jB signalling within LECs is required for full eosinophil recruitment during AAI induced by repeated exposure to house dust mite antigen. 3 Furthermore, transient activation of NF-jB within the epithelial compartment during initial exposure to OVA is sufficient to promote the development of AAI, including eosinophilia, in response to subsequent OVA exposures, 1 clearly demonstrating the capacity of NF-jB within LECs to drive the development of AAI characterized by robust lung eosinophilia. However, despite a clear role for epithelial NF-jB activity in driving lung eosinophilia in numerous models of AAI, in the current study we observed no significant decrease in eosinophilia in response to C. neoformans exposure in IKK ΔLEC mice, suggesting that NF-jB activation within LECs is dispensable for eosinophil recruitment during C. neoformans-induced AAI. In the current study there was no increase in lung C. neoformans CFU or defects in pathogen clearance in IKK ΔLEC mice during C. neoformans pneumonia compared with control animals. NF-jB signalling within epithelial cells is critical for the control of pathogen burden at numerous mucosal sites. 12, 21, 35, 36 Clearance of the intestinal pathogen Trichuris muris is significantly impaired in the absence of NF-jB signalling within intestinal epithelial cells. 12 In experimental models of bacterial pneumonia, the ablation of NF-jB in LECs is associated with defective bacterial clearance during pneumococcal pneumonia, 36 while artificial activation of NF-jB in LECs enhances bacterial clearance during Mycoplasma pneumoniae infection. 35 Specific to fungus in the pulmonary compartment, recent studies by Perez-Nazario et al. have demonstrated a requisite role for NF-jB within LECs for the timely clearance of Pneumocystis carinii from the lung. 21 In contrast to numerous infections at various mucosal sites, in the current study we saw no increase in lung pathogen burden at early time-points or impairment of pathogen clearance at later time-points following C. neoformans exposure in IKK ΔLEC mice, strongly suggesting that the clearance of C. neoformans lung infection is independent of canonical NF-jB activation within the epithelial compartment.
In the current study, the absence of canonical NF-jB activation within the lung epithelium was not associated with any decrease in the number of Th2 T cells recruited to the lung during AAI. The ablation of NF-jB signalling within intestinal epithelial cells is associated with a marked defect in the induction of type 2 cytokines in the gut-draining lymph nodes in response to T. muris infection. 12 Likewise, previous studies using an OVAbased model of AAI have reported marked decreases in type 2 cytokine levels in the lung when NF-jB signalling is ablated in LECs. 2 Furthermore, the full production of IL-13 in the lung during house dust mite antigen-induced AAI is dependent upon epithelial NF-jB.
3 Surprisingly, we saw no attenuation of Th2 responses during AAI in the absence of canonical NF-jB signalling, strongly suggesting that mechanisms other than NF-jB activation in LECs drive type 2 cytokine production from T cells during C. neoformans-induced AAI.
We observed no activation of NF-jB in LECs in response to C. neoformans inoculation, despite the subsequent development of robust AAI. Allergen treatment of human bronchial epithelial cells in vitro results in NF-jBdependent cytokine production. 37 In vivo, NF-jB activation in the lung epithelium occurs rapidly (within 2 hr) after inoculation with the potent airway allergen house dust mite antigen. 3 Likewise, pulmonary instillation of OVA in sensitized mice results in robust engagement of NF-jB in LECs in association with the development of AAI. 20 However, in contrast to other models of AAI, exposure to C. neoformans was associated with no evidence of nuclear localization of NF-jB in LECs before or during the development of allergic inflammation, strongly suggesting that the development of AAI in this model is entirely independent of NF-jB activity within the lung epithelium.
Although the results from the current study indicate that NF-jB signalling within the lung epithelium is not required for the development of allergic responses following C. neoformans exposure, other signalling pathways involving epithelial cells probably contribute to the development of AAI in this model. One potential pathway is the MyD88-dependent release of granulocyte-macrophage colony-stimulating factor (GM-CSF) by LECs. Recent work by Sheih et al. has demonstrated an epithelial cellintrinsic role for MyD88 in the production of GM-CSF and the subsequent development of AAI following exposure to cockroach allergen. 38 GM-CSF is also critically required for the development of Th2 responses following C. neoformans exposure. 39 As such, NF-jB-independent MyD88 signalling within LECs may drive GM-CSF production and allergic responses following C. neoformans exposure.
Collectively, the data presented in the current study strongly suggest that NF-jB activity within LECs is entirely dispensable for the development of AAI in response to C. neoformans exposure, despite the critical requirement for LEC NF-jB signalling in other models of AAI. [1] [2] [3] 11, 34 One potential explanation for this discrepancy is the differing inflammatory challenges used in the studies. Previous studies that identified a crucial role for NF-jB signalling in LECS have used OVA 1, 2, 11, 20 or other proteins 3 to elicit airway allergy, whereas in the current study we used the metabolically active yeast, C. neoformans. Hence, C. neoformans probably engages additional host pathways not activated in response to other, less metabolically and immunologically complex, inducers of allergic responses, resulting in the development of allergic inflammation in the airway in the absence of NF-jB activity within LECs. Taken together, these studies strongly suggest that allergic responses can develop in the lung in the absence of NF-jB activation within LECs, and that other inflammatory pathways are probably the major drivers of AAI in response to pulmonary exposure to the ubiquitous environmental yeast, C. neoformans.
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